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COLOR IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a tandem-type color image forming 

apparatus which forms a color image by causing a transferring belt to pass 
through image forming stations for respective colors that are disposed along the 
transferring belt. In each image forming station, a charging device, an image 
writing device, and a developing device are disposed around an image carrier. 

10 For example, Japanese Patent Publication No. 11-84798A discloses a 

tandem-type color image forming apparatus in which a plurality of image forming 
stations are disposed along the circulating direction of a transferring belt (i.e., 
sheet transporting belt) and the image carrier of each image forming station is 
charged uniformly by a brush roller. In contrast to the corona charging which is 

1 5 another typical charging method, the amount of ozone generated by the brush 
roller charging is very small. The brush roller charging is particularly 
advantageous in tandem-type color image forming apparatus because each 
image forming station has a charging device. Although the above publication 
discloses no brush roller driving method, a method in which driving force is 

20 transmitted from an image carrier to a brush roller in a monochrome image 
forming apparatus is known (e.g., Japanese Patent Publication No. 
2000-29278A). Japanese Patent Publication No. 10-282855A discloses a 
technique in which toner left on an image carrier after the transfer operation is 
gathered by a brush roller for charging the image carrier uniformly and the toner 

25 thus gathered is returned to the image carrier and collected by a developing 



1 



device while the image forming is not performed. 

Recent image forming apparatus have come to employ jumping 
development in which development is performed in a state that the developing 
device is not in contact with the image carrier and an image forming method in 
5 which the efficiency of transfer from the image carrier to a recording medium 
(i.e., a sheet or an intermediate transferring belt) is increased by using toner that 
is manufactured by a polymerization method and is high in sphericity and 
uniform in particle diameter and a cleaner (rubber blade or the like) for the 
image carrier is thereby omitted. As a result, the driving load of the image 

10 carrier is reduced in those image forming apparatus. In tandem-type image 
forming apparatus, it has become possible to drive the respective image carriers 
with a single motor and hence to reduce the size of the entire apparatus. 

However, in tandem-type image forming apparatus, the 
above-mentioned reduction in the driving load of each image carrier causes a 

15 problem that periodic density unevenness or color misregistration may occur 
due to, for example, the synergistic effect of a backlash in the gears of an image 
carrier driving system and contact/separation operations of a transferring roller 
and a cleaning blade to/from the transferring belt (i.e., intermediate transferring 
belt or sheet transporting belt). 

20 Further, in tandem-type image forming apparatus, to reduce the size of 

each image forming station, it is necessary to make the outer diameter of the 
brush roller smaller than that of the image carrier. In a configuration in which 
the image carriers of the respective image forming stations are driven by a 
single motor as mentioned above and the brush rollers are driven by the same 

25 motor as disclosed in Japanese Patent Publication No. 2000-29278A, to rotate 
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the brush rollers at a higher circumferential speed than the image carriers it is 
necessary to rotate the smaller-diameter brush rollers at a higher rotation speed 
than the image carriers, which increases the driving load of the motor. 

Japanese Patent Publication No. 62-299873A discloses a configuration 
5 in which the contact between the sheet transporting belt and the image carrier of 
each image forming station is maintained even during a monochrome printing 
operation and image carriers corresponding to colors for which image formation 
is not necessary are also rotated. 

However, stopping the brush rollers for uniformly charging 
10 non-image-formation image carriers during formation of a monochrome image 
causes the following problems: 

(1) The hair ends of the brush are much inclined by the rotation of the 
image carrier at the portion, in contact with the image carrier, of each brush 
roller being stopped, as a result of which charging unevenness may occur in the 

15 image carrier at intervals corresponding to the rotation period of the brush roller 
in the next image forming operation. 

(2) When monochrome images are printed successively, the hair ends 
of the brush are worn at the portion, in contact with the image carrier, of the 
brush roller of each of the image forming stations having color toners, as a result 

20 of which charging unevenness may occur in the image carrier at intervals 
corresponding to the rotation period of the brush roller in the next image forming 
operation. 

On the other hand, Japanese Patent Publication No. 3-2881 73A 
discloses a technique in which when a monochrome printing operation is 
25 performed in a tandem-type image forming apparatus, the sheet transporting 
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belt is separated from the image carriers of the non-image-formation image 
forming stations having color toners and those image carriers are stopped, to 
thereby prevent wear of those image carriers due to contact of recording media 
or sliding contact of a cleaning blade. 
5 In this case, the following problems occur if the brush rollers for 

uniformly charging respective non-image-formation image carriers are rotated 
during a monochrome image forming operation: 

(1 ) The rotating brush roller contacts the image carrier being stopped of 
each of the image forming stations having color toners and wears only the 

10 contact portion of the image carrier layer of the image carrier body. When a 
color image is formed later, image unevenness may occur in the color image at 
intervals corresponding to the rotation period of the image carriers, which makes 
it necessary to replace the image carriers before a prescribed number of color 
images have been printed. 

1 5 (2) The rotating brush roller contacts the image carrier being stopped of 

each of the image forming stations having color toners and hence is worn earlier. 
The brush roller thus worn can no longer give the image carrier a desired 
amount of charge. It becomes necessary to replace the brush rollers before a 
prescribed number of color images have been printed. 

20 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a color image 
forming apparatus which is capable of reducing density unevenness and color 
25 shift of an obtained image. 
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It is also an object of the invention to provide a tandem-type color 
image forming apparatus in which an image carrier is charged by a brush roller, 
and which is capable of suppressing the load of a motor for driving the image 
carrier, thereby reducing the entire power loss in the image forming apparatus. 
5 In order to achieve the above objects, according to the invention, there 

is provided a color image forming apparatus, comprising: 

a plurality of image supporters, each of which is operable to support a 
toner image of one color to be transferred; 

a plurality of brush rollers, each of which is brought into contact with 
10 an associated one of the image supporters to charge the same; and 

a plurality of transmitters, each of which is operable to transmit a 
driving force of an associated one of the image supporters to an associated 
one of the brush rollers. 

Preferably, each of the transmitters comprises a step-up gear. 
15 Preferably, the image supporters and the brush rollers are rotated in 

an identical direction. 

Preferably, the toner image is transferred onto a belt member or a 
recording medium carried by a belt member. 

According to the invention, there is also provided a color image 
20 forming apparatus, comprising: 

a plurality of image supporters, each of which is operable to support a 
latent image of one color to be developed; 

a plurality of brush rollers, each of which is brought into contact with 
an associated one of the image supporters to charge the same; 
25 a plurality of developing rollers, each of which is operable to develop 
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the latent image as a toner image of one color which is to be transferred, on an 
associated one of the image supporters; and 

a plurality of transmitters, each of which is operable to transmit a 
driving force of an associated one of the developing rollers to an associated 
5 one of the brush rollers. 

Preferably, the image supporters and the brush rollers are rotated in 
an identical direction. 

Preferably, the toner image is transferred onto a belt member or a 
recording medium carried by a belt member. 
10 According to the invention, there is also provided a color image 

forming apparatus, comprising: 

a plurality of image supporters, each of which is operable to support a 
latent image of one color to be developed; 

a plurality of brush rollers, each of which is brought into contact with 
15 an associated one of the image supporters to charge the same; 

a plurality of developing rollers, each of which is operable to develop 
the latent image as a toner image of one color which is to be transferred, on an 
associated one of the image supporters; and 

a transmitter, operable to transmit a driving force of one of the 
20 developing rollers to each of the brush rollers. 

Preferably, the image supporters and the brush rollers are rotated in 
an identical direction. 

Preferably, the toner image is transferred onto a belt member or a 
recording medium carried by a belt member. 
25 According to the invention, there is also provided a color image 



6 



1 



forming apparatus, comprising: 

a plurality of image supporters, each of which is operable to support a 
toner image of one color to be transferred; 

a plurality of brush rollers, each of which is brought into contact with 
5 an associated one of the image supporters to charge the same; and 

a transmitter, operable to transmit a driving force of one of the image 
supporters to each of the brush rollers. 

Preferably, the one of the image supporters is an image supporter 
which is associated with a black toner image or a yellow toner image. 
10 Preferably, the transmitter comprises a step-up gear. 

Preferably, the image supporters and the brush rollers are rotated in 
an identical direction. 

Preferably, the toner image is transferred onto a belt member or a 
recording medium carried by a belt member. 
15 According to the invention, there is also provided a color image 

forming apparatus, comprising: 

a plurality of image supporters, each of which is operable to support a 
toner image of one color to be transferred; 

a plurality of brush rollers, each of which is brought into contact with 
20 an associated one of the image supporters to charge the same; and 

a driver, operable to rotate every one of the image supporters and 
every one of the brush rollers in a case where a monochrome image formation 
is performed. 

Preferably, the driver comprises a plurality of transmitters, each of 
25 which is operable to transmit a driving force of an associated one of the image 
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supporters to an associated one of the brush rollers. 

Here, it is preferable that each of the transmitters comprises a step-up 

gear. 

Alternatively, the driver may comprise a transmitter, operable to 
5 transmit a driving force of one of the image supporters associated with a black 
toner image to each of the brush rollers. 

Here, it is preferable that each of the transmitters comprises a step-up 

gear. 

Preferably, the image supporters and the brush rollers are rotated in 
10 an identical direction. 

Preferably, the toner image is transferred onto a belt member or a 
recording medium carried by a belt member. 

According to the invention, there is also provided a color image 
forming apparatus, comprising: 
15 a plurality of image supporters, each of which is operable to support a 

latent image of one color to be developed; 

a plurality of brush rollers, each of which is brought into contact with 
an associated one of the image supporters to charge the same; 

a plurality of developing rollers, each of which is operable to develop 
20 the latent image as a toner image of one color which is to be transferred, on an 
associated one of the image supporters; and 

a driver, operable to stop, in a case where a monochrome image 
formation is performed, ones of the brush rollers which are associated with 
ones of the image supporters not used for the monochrome image formation. 
25 Preferably, the driver comprises a plurality of transmitters, each of 
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which is operable to transmit a driving force of an associated one of the image 
supporters to an associated one of the brush rollers, which are not used for the 
monochrome image formation. 

Here, it is preferable that each of the transmitters comprises a step-up 

5 gear. 

Alternatively, the driver may comprise a plurality of transmitters, each 
of which is operable to transmit a driving force of an associated one of the 
developing rollers to an associated one of the brush rollers, which are not used 
for the monochrome image formation. 
10 Here, it is preferable that each of the transmitters comprises a step-up 

gear. 

Preferably, the image supporters and the brush rollers are rotated in 
an identical direction. 

Preferably, the toner image is transferred onto a belt member or a 
15 recording medium carried by a belt member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
20 Fig. 1 is a schematic sectional view of a color image forming apparatus 

according to a first embodiment of the present invention; 

Fig. 2 is an enlarged view of a transferring belt unit and an image 
forming unit shown in Fig. 1; 

Fig. 3 is a perspective view of a driving system for image carriers and a 
25 charging device shown in Fig. 2; 
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Fig. 4 illustrates a driving load of each image carrier in the mechanism 

of Fig. 3; 

Fig. 5 is a perspective view of a driving system for image carriers and a 
charging device according to a second embodiment of the invention; 
5 Fig. 6 is a perspective view of a driving system for image carriers and a 

charging device according to a third embodiment of the invention; 

Fig. 7 is a perspective view of a driving system for image carriers and a 
charging device according to a fourth embodiment of the invention; 

Fig. 8 illustrates a driving load of an image carrier in the mechanism of 

10 Fig. 7; 

Fig. 9 shows torque acting on the motor shaft in the mechanisms of Fig. 

7; 

Fig. 10 is a perspective view of a driving system for image carriers and 
a charging device according to a fifth embodiment of the invention; 
15 Fig. 1 1 is a perspective view of a driving system for image carriers and 

a charging device according to a sixth embodiment of the invention; 

Fig. 12 is a schematic sectional view showing a monochrome printing 
state of a color image forming apparatus according to a seventh embodiment of 
the invention; 

20 Fig. 13 is a perspective view of a driving system for image carriers and 

a charging device shown in Fig. 12; 

Fig. 14 is a perspective view of a driving system for image carriers and 
a charging device according to an eighth embodiment of the invention; and 

Fig. 15 is a schematic sectional view of a color image forming 
25 apparatus according to a ninth embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



Preferred embodiments of the present invention will be described 
5 below with reference to the accompanying drawings. The same components 
are given the same reference symbols in the drawings and descriptions for 
those components may be omitted in the following description. 

An image forming apparatus 1 according to a first embodiment of the 
invention shown in Fig. 1 has a housing body 2, a first door member 3 that is 

10 attached to the front side of the housing body 2 so as to be able to be opened 
and closed, and a second door member (also serves as a sheet discharging 
tray) 4 that is attached to the top of the housing body 2 so as to be able to be 
opened and closed. The first door member 3 is equipped with an door cover 3' 
that is attached to the front side of the housing body 2 so as to be able to be 

15 opened and closed. The door cover 3' can be opened or closed independently 
or interlocking with the first door member 3. 

An electrical components box 5 incorporating a power circuit board and 
a control circuit board, an image forming unit 6, a fan 7, a transferring belt unit 9, 
and a sheet feeding unit 10 are provided inside the housing body 2. A 

20 secondary transferring unit 11, a fusing unit 12, and a recording medium 
transporter 1 3 are provided inside the first door member 3. Expendables such 
as the image forming unit 6 and the sheet feeding unit 10 are detachable from 
the housing body 2. Any of those expendables can be repaired or replaced by 
removing it together with the transferring belt unit 9. 

25 The transferring belt unit 9 is equipped with a driving roller 14 that is 
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disposed at a lower position in the housing body 2 and is rotated by a driving 
source (not shown), a follower roller 15 that is disposed diagonally above the 
driving roller 14, an intermediate transferring belt 16 that is stretched between 
the two rollers 14 and 15 and is driven so as to circulate in the direction 
5 indicated by an arrow in Fig. 1, and a cleaner 17 that is brought in contact with 
the surface of the intermediate transferring belt 16. A portion 16a that is 
transported downward while the intermediate transferring belt 16 is circulated is 
a tensed portion which is pulled by the driving roller 14. 

The driving roller 14 and the follower roller 15 are rotatably supported 

10 by a support frame 9a. A pivotable portion 9b, which is formed at the bottom of 
the support frame 9a, is fitted with a pivot shaft 2b that is provided on the 
housing body 2. In this manner, the support frame 9a is pivotably mounted on 
the housing body 2. A lock lever 9c, which is pivotably provided at the top of 
the support frame 9a, can be locked on a lock shaft 2c that is provided on the 

15 housing body 2. 

The driving roller 14 also serves as a backup roller for a secondary 
transferring roller 19 that is part of the secondary transferring unit 11. As 
shown in Fig. 2, a rubber layer 14a that is about 3 mm in thickness and 10 5 
Q-cm or less in volume resistivity is formed on the circumferential surface of the 

20 driving roller 14. The rubber layer 14a is grounded via a metal shaft, whereby a 
conductive path for a secondary transfer bias that is supplied via the secondary 
transferring roller 19 is formed. Forming, on the driving roller 14, the rubber 
layer 14a which produces a high degree of friction and is capable of absorbing 
impact provides an advantage that impact that is generated when a recording 

25 sheet enters the secondary transfer section is less prone to be transmitted to the 
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intermediate transferring belt 16 and hence deterioration in image quality can be 
avoided. 

In this embodiment, the diameter of the driving roller 14 is smaller than 
that of the follower roller 15, whereby a recording medium as subjected to a 
5 secondary transfer can be peeled off easily because of its own elasticity. The 
follower roller 15 also serves as a backup roller for the cleaner 17. 

The cleaner 17 is disposed on the side of the portion 16a which is 
transported downward. As shown in Fig. 2, the cleaner 17 is equipped with a 
cleaning blade 17a for removing toner that remains on the surface of the 
10 intermediate transferring belt 16 after a secondary transfer and a toner transport 
member 17b for transporting collected toner. The cleaning blade 17a is in 
contact with the intermediate transferring belt 16 at the position where the 
intermediate transferring belt 16 leaves the follower roller 15. 

Primary transfer members 21 that are leaf spring electrodes are 
1 5 brought, because of its own elasticity, in contact with the back surface of the 
portion 16a of the intermediate transferring belt 16 so as to be opposed to image 
carriers 20 of image forming stations Y, M, C, and K (described later), 
respectively. A transfer bias is applied to the primary transfer members 21 . 

A test pattern sensor 18 is provided on the support frame 9a of the 
20 transferring belt unit 9 at a position close to the driving roller 14. The test 
pattern sensor 18 is a sensor that serves to correct color misregistration and the 
density of each color image by positioning and detecting the density of a toner 
image of each color on the intermediate transferring belt 16. 

The image forming unit 6 is equipped with the image forming stations Y, 
25 M, C, and K (for yellow, magenta, cyan, and black, respectively) for forming 



images of a plurality of (in this embodiment, four) different colors. As shown in 
detail in Fig. 3, each of the image forming stations Y, M, C, and K has an image 
carrier 20 that is an image carrier drum and a charging device 22, an image 
writing device 23, and a developing device 24 that are disposed around the 
5 image carrier 20. In Figs. 1 and 2, reference numerals are drawn only for the 
charging device 22, the image writing device 23, and the developing device 24 
of the image forming station Y because those of the other image forming 
stations M, C, and K have the same configurations as the former. The 
arrangement order of the image forming stations Y, M, C, and K is arbitrary. 

10 The image carriers 20 of the respective image forming stations Y, M, C, 

and K are in contact with the portion 16a of the intermediate transferring belt 16 
and hence are also arranged in an inclined manner on the left of the driving 
roller 14 (in Figs. 1 and 2). The image carriers 20 are rotated in the directions 
corresponding form to the transporting direction of the intermediate transferring 

15 belt 16 as indicated by arrows in Figs. 1 and 2. 

Each charging device 22, which is a conductive brush roller connected 
to a high-voltage voltage source, is rotated in the same direction as and at a two 
to three times higher circumferential speed than the associated image carrier 20 
while being in contact with it and thereby charges its surface uniformly. The 

20 brush roller is formed by spirally winding, on the surface of a highly conductive 
shaft member (e.g., metal shaft) of 5 to 8 mm in diameter, a fabric that is formed 
by transplanting (pile weaving) semiconductive fibers of 2 to 6 denier in 
thickness and 1 0 7 to 1 0 9 Q in yarn resistance at a density of 150,000 to 430,000 
fibers per square inches. The brush roller is held rotatably in contact with the 

25 associated image carrier 20 with a contact depth of 0.3 to 0.5 mm. 
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Where each image carrier 20 uses a negatively chargeable image 
carrier, it is desirable that the voltage applied to the brush roller be such that an 
AC component of 800 to 1,300 V and about 1 kHz is superimposed on a DC 
component of -300 to -500 V. Where a cleanerless image forming method is 
5 employed as in this embodiment, it is desirable that transfer-residual toner that 
is stuck to the brush roller be emitted toward the image carrier 20 by applying a 
bias whose polarity is opposite to the toner charging polarity to the brush roller 
while the image formation is not performed, then transferred to the intermediate 
transferring belt 16 at the primary transfer section, and finally collected by the 

10 cleaner 17 for the intermediate transferring belt 16. 

The use of the above charging device 22 makes it possible to charge 
the surface of each image carrier 20 by a very small current and hence to 
prevent the inside and the outside of the apparatus from being polluted by 
ozone unlike in the case of the corona charging method. Further, since soft 

15 contact with the image carrier 20 is established, transfer-residual toner that 
occurs in the case of the roller charging method does not tend to stick to the 
charging roller or the image carrier 20, whereby stable image quality and high 
reliability of the apparatus are secured. 

Each image writing device 23 is an array-type writing head in which 

20 such elements as light-emitting diodes or liquid crystal shutters having a 
backlight are arrayed in the axial direction of the image carrier 20. Being 
shorter in optical path length and more compact than the laser scanning optical 
system, the array-type writing head provides an advantage that it can be 
disposed in close proximity to the image carrier 20 and the entire apparatus can 

25 be made smaller. In this embodiment, the image carrier 20, the charging 
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device 22, and the image writing device 23 of each of the image forming stations 
Y, M, C, and K are combined into an image carrier unit 25 (see Fig. 2), whereby 
the array-type writing head is held at a predetermined position. To replace the 
image carrier unit 25, the image carrier unit 25 including the array-type writing 
head is removed and a new image carrier unit 25 is used after being subjected 
to light quantity and position adjustments. 

Next, the details of the developing device 24 will be described. In Fig. 
2, reference numerals are given to only the components of the developing 
device 24 of the image forming station K. In this embodiment, the image 
forming stations Y, M, C, and K are arranged obliquely downward and the image 
carriers 20 are brought in contact with the downward-transported portion 16a of 
the intermediate transferring belt 16. Therefore, the toner containers 26 are 
also arranged obliquely downward, which requires each developing device 24 to 
have a special structure. 

Specifically, each developing device 24 is composed of a toner 
container 26 for storing toner (hatched in Fig. 2; the toner container has a toner 
storage portion 27), a toner agitator 29 that is disposed inside the toner storage 
portion 27, a partition member 30 that is disposed at an upper position in the 
toner storage portion 27, a toner supplying roller 31 that is disposed above the 
partition member 30, a blade 32 that is provided on the partition member 27 and 
is in contact with the toner supplying roller 31, a developing roller 33 that is 
disposed so as to be in contact with the toner supplying roller 31 and the image 
carrier 20, and a control blade 34 that is in contact with the developing roller 33. 

The image carrier 20 is rotated in the direction corresponding to the 
transporting direction of the portion 16a, and the developing roller 33 and the 
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supplying roller 31 in the directions opposite to the rotating direction of the 
image carrier 20 as indicated by arrows in Fig. 2. On the other hand, the 
agitator 29 is rotated in the direction opposite to the rotating direction of the 
supplying roller 31 . Toner that has been agitated and carried up by the agitator 
5 29 is supplied to the toner supplying roller 31 across the top surface of the 
partition member 30 and then slides on the blade 32 with friction. The toner is 
then supplied to the surface of the developing roller 33 by sticking force that is 
mechanical sticking force acting on surface asperities of the supplying roller 31 
in addition to electrical force generated by frictional electrification. The 

10 thickness of the toner supplied to the developing roller 33 is restricted to a 
prescribed value by the control blade 34, and the thinned toner layer is 
transported to the image carrier 20. A latent image on the image carrier 20 is 
developed at a nip section where the developing roller 33 is in contact with the 
image carrier 20 and its vicinity. 

15 Returning to Fig. 1, the sheet feeding unit 10 is equipped with a sheet 

feeding cassette 35 where recording media P are stacked and held and a pickup 
roller 36 for picking up recording media P from the sheet feeding cassette 35 
and feeding those one by one. 

A registration roller pair 37 for determining the feed timing of a 

20 recording sheet P to the secondary transfer section, a secondary transferring 
unit 1 1 including a secondary transferring member that is pressed against the 
driving roller 14 and the intermediate transferring belt 16, a fusing unit 12, a 
recording medium transporter 13, a sheet discharging roller pair 39, and a 
transport path 40 for double-sided printing are provided inside the first door 

25 member 3. 
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The secondary transferring unit 1 1 is equipped with a lever 42 that is 
pivotally supported by a pivot shaft 41, a secondary transferring roller 19 that is 
rotatably provided on one end of the lever 42, and a spring 43 that is provided 
between the other end of the lever 42 and the first door member 3. In an 
5 ordinary state, the secondary roller transfer 19 is moved in the direction 
indicated by an arrow in Fig. 1 being urged by the spring 43 and is thereby 
pressed against the driving roller 14 and the intermediate transferring belt 16. 
An eccentric cam 44 is disposed beside the lever 42 and close to the spring 43. 
The lever 42, the spring 43, and the eccentric cam 44 constitute an actuator for 
10 the secondary transferring roller 19. As the eccentric cam 44 is rotated, the 
lever 42 is rotated against the urging force of the spring 43, whereby the 
secondary transferring roller 19 is separated from the intermediate transferring 
belt 16. 

The fusing unit 12 has a heating roller 45 that incorporates a heat 
1 5 source such as a halogen heater, a pressure roller 46 that is pressed against the 
heating roller 45, a belt stretcher 47 that is provided so as to be pivotable about 
the pressure roller 46, and a heat-resistant belt 49 that is stretched between the 
pressure roller 46 and the belt stretcher 47. A color image that has been 
secondarily transferred to a recording medium P is fused thereon at a prescribed 
20 temperature at a nip section that is formed by the heating roller 45 and the 
heat-resistant belt 49. In this embodiment, the fusing unit 12 can be disposed 
in a space that is diagonally above the intermediate transferring belt 16, that is, 
a space located on the opposite side of the intermediate transferring belt 16 to 
the image forming units 6. As a result, the degree of heat transmission to the 
25 electrical components box 5, .the image forming units 6, and the intermediate 
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transferring belt 16 can be reduced and hence the frequency of color 
misregistration correcting operations for the individual colors can be reduced. 

In the image forming apparatus according to this embodiment, as 
shown in Fig. 1, the intermediate transferring belt 16 and the image forming 
5 stations Y, M, C, and K are oriented or arranged obliquely in the housing body 2 
and the electrical components box 5 is disposed right under the image forming 
stations Y, M, C, and K. Wiring (indicated by two-dot chain lines in Fig. 1) from 
electrical circuits such as a power circuit, a driving circuit, and a control circuit in 
the electrical components box 5 is detachably connected to the primary transfer 
10 members 21, the charging device 22, the image writing device 23, and the test 
pattern sensor 18 via a connector 50. The wiring may also be connected to the 
secondary transferring unit 1 1 , the fusing unit 12, etc. in the first door member 3 
via the connector 50 or by causing the wiring to go by a pivot shaft 3b of the first 
door member 3. 

15 . The operation of the entire image forming apparatus having the above 

configuration will be outlined below. 

(1) When a print instruction signal (i.e., image formation signal) is input 
to the control circuit in the electrical components box 5 from a host computer 
(e.g., personal computer; not shown), the rollers of the image carrier 20 and the 

20 developing device 24 of each of the image forming stations Y, M, C, and K start 
to be rotated. 

(2) The surface of each image carrier 20 is charged uniformly by the 
charging device 22. 

(3) In each of the image forming stations Y, M, C, and K, the image 
25 writing device 23 performs selective exposure on the uniformly charged surface 
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of the image carrier 20 in accordance with image information of the 
corresponding color, whereby an electrostatic latent image of the corresponding 
color is formed. 

(4) The electrostatic latent image formed on each image carrier 20 is 
5 developed into a toner image by the developing device 24. 

(5) The primary transfer voltage whose polarity is opposite to the toner 
charging polarity is applied to the primary transfer members 21 for the 
intermediate transferring belt 16, and the toner images formed on the respective 
image carriers 20 are sequentially transferred to the intermediate transferring 

10 belt 16 in a superimposed manner at the respective primary transfer sections as 
• the intermediate transferring belt 16 moves. 

(6) In synchronism with the movement of the intermediate transferring 
belt 16 on which a primary image has been formed by the primary transfers, a 
recording medium P is fed from the sheet fed cassette 35 to the secondary 

15 transferring roller 19 via the registration roller pair 37. 

(7) The primary transfer image encounters the recording medium P at 
the secondary transfer section. Supplied with a bias that is opposite in polarity 
to the primary transfer voltage via the secondary transferring roller 19 that is 
pressed against the driving roller 14 for the intermediate transferring belt 16 by 

20 the pressing mechanism, the primary transfer image formed on the intermediate 
transferring belt 16 is transferred secondarily to the recording medium P that has 
been fed in a synchronized manner. 

(8) Residual toner of the secondary transfer is transported toward the 
follower roller 15 and scraped off by the cleaner 17 which is opposed to the 

25 follower roller 15. The intermediate transferring belt 16 is thus refreshed to 
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enable repetition of the above-described cycle. 

(9) The toner image on the recording medium P is fused as the 
recording medium P passes through the fusing unit 12. Then, the recording 
medium P is transported toward a prescribed position (i.e., toward the sheet 
5 discharging tray 4 in the case of single-sided printing and toward the transport 
path 40 in the case of double-sided printing). 

As shown in Fig. 3, a driving gear 51 for the image carrier 20 is 
connected to one end of each image carrier 20. A relay gear 52 is disposed 
between any adjacent driving gears 51 to mesh therewith. A driving motor 53 
10 is disposed in close proximity to the image carrier 20 of the image forming 
station Y which is closest to the follower roller 15 (see Fig. 2) and is in mesh with 
the driving gear 51 for that image carrier 20 via an output gear 54. 

A driving gear 55 is connected to the other end of each image carrier 
20 and a follower gear 56 is connected to the other end of each charging device 
15 (i.e., brush roller) 22. A speed-increasing gear 57 is in mesh with the driving 
gear 55 and the follower gear 56. The speed-increasing gear 57 is a two-stage 
gear having a small-diameter portion 57a and a large-diameter portion 57b that 
are in mesh with the driving gear 55 and the follower gear 56, respectively. 

In the above mechanism, the single driving motor 53 drives the image 
20 carriers 20 sequentially via the output gear 54, the driving gears 51 , and the 
relay gears 52 that are arranged in line and also drives the charging device 22 
via the driving gears 55, the speed-increasing gears 57, and the follower gears 
56. 

Fig. 4 illustrates a difference in the image carrier driving load (i.e., 
25 driving torque) between a case (comparative example 1) in which only the 
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image carrier 20 is rotated in each image forming station and a case (first 
embodiment) in which the image carrier 20 drives the brush roller 22 (the brush 
roller 22 is rotated in the same rotating direction as the image carrier 20 at an 
about two times higher circumferential speed than the image carrier 20). 
5 It is seen that the speed-increasing driving of the brush roller 22 by the 

image carrier 20 increases the image carrier driving torque by a factor of a little 
less than two. As a result, the degrees of density unevenness and color 
misregistration in an image due to the synergistic effect of a backlash in the 
gears of the image carrier driving system and contact/separation operations of 

10 the secondary transferring roller 19 and the cleaning blade 17a to/from the 
transferring belt 16 can be reduced. 

In this embodiment, the image carrier 20 and the brush roller 22 of 
each pair are rotated at different circumferential speeds and the frictional force 
and the electrostatic attraction force of the brush roller 22 on the image carrier 

15 20 are exerted in such directions as to cancel out a backlash in the gears 
constituting the image carrier driving system. Therefore, density unevenness 
and color misregistration in an image can be eliminated more effectively. 

Further, since the image carrier 20 and the brush roller 22 of each pair 
are rotated in the same direction, the frictional force and the electrostatic 

20 attraction force of the brush roller 22 on the image carrier 20 are exerted more 
effectively in such directions as to cancel out a backlash in the gears constituting 
the image carrier driving system. 

In a second embodiment of the invention shown in Fig. 5, the 
developing rollers 33 and the brush rollers 22 of the respective image forming 

25 stations Y, M, C, and K are driven by a driving motor 59 that is different from the 
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driving motor 53 for the image carriers 20 that was described in the first 
embodiment. The driving system for the image carriers 20 is not shown in Fig. 
5 because it is the same as in the first embodiment. 

A driving gear 60 is connected to one end of each developing roller 33 
5 and a driving pulley 61 is connected to the other end. Each driving gear 60 is 
in mesh with a speed-reducing gear 62a that is part of a transmission member 
62, and a belt 63 is stretched between pulley portions 62b of adjoining 
transmission members 62. The driving motor 59 is disposed in close proximity 
to the speed-reducing gear 62a of the image forming station Y which is closest 

10 to the follower roller 15 (see Fig. 2), and an output shaft 58a of the driving motor 
59 is in mesh with that speed-reducing gear 62a. 

A follower pulley 64 is connected to the other end of each charging 
device (brush roller) 22, and a belt 65 is stretched between the driving pulley 61 
and the follower pulley 64. 

15 In the above mechanism, the image carriers 20 of Y, M, C, and K are 

driven sequentially by the single driving motor 53 via the gear train, the 
developing rollers 33 are driven by the other driving motor 59, and the brush 
rollers 22 are driven through the driving of the developing rollers 33. 

To reduce the size of the image forming stations 6, it is necessary to 

20 make the outer diameters of the developing rollers 33 and the brush rollers 22 
smaller than the outer diameter of the image carriers 20. For example, the 
outer diameters of the developing rollers 33 and the brush rollers 22 are set to 
similar values of 12 to 18 mm (in this embodiment, 14 mm) for the image 
carriers 20 whose outer diameter is 30 mm, so that the developing rollers 33 and 

25 the brush rollers 22 are driven at circumferential speeds that are relatively close 
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to the circumferential speed of the image carriers 20 (brush rollers 22: two to 
three times the circumferential speed of the image carriers 2; developing rollers 
33: 1.5 to 2.5 times that). 

In this embodiment, the driving torque of each brush roller 22 (0.005 to 
5 0.01 Nm) is much smaller than that of each developing roller 33 (0.3 to 0.7 Nm) 
and hence increase in the load of the motor 59 for driving the developing rollers 
33 is small, and the load of the motor 53 for driving the image carriers 20 is not 
increased. The motive power loss in the entire image forming apparatus can 
thus be reduced. 

10 Although in the above embodiment the driving motor 59 drives the 

developing rollers 33 and the brush rollers 22 follow the developing rollers 33, 
an opposite mechanism is possible in which the driving motor 59 drives the 
brush rollers 22 and the developing rollers 33 follow the brush rollers 22. 
Although in the above embodiment the driving force transmission between 

15 adjoining ones of the developing rollers 33 and between associated ones of the 
developing rollers 33 and the brush rollers 22 is performed by a belt, it may be 
performed by a gear train. 

In a third embodiment of the invention shown in Fig. 6, a driving motor 
59 is provided that is different from the driving motor 53 (not shown; described in 

20 the first embodiment) for the image carriers 20 and a belt 65 is stretched 
between adjoining ones of driving pulleys 61 that are connected to the ends, on 
the side opposite to the driving motor 59, of the developing roller 33 of the image 
forming station Y and the brush rollers 22, respectively. The developing roller 
33 of the image forming station Y is driven by the driving motor 59 and the brush 

25 rollers 22 are driven by transmitting driving force thereto from that developing 
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roller 33 via the belts 65. The developing rollers 33 of the image forming 
stations M, C, K are driven by another motor. The driving systems for the 
image carriers 20 and the developing rollers 33 of the image forming stations M, 
C, K are not shown in Fig. 6. 
5 Also in this embodiment, the driving torque of the brush rollers 22 as an 

additional load of the driving motor 59 for driving the developing roller 33 of the 
image forming station Y is small and hence increase in the load of the motor 59 
is small, and the load of the motor 53 for driving the image carriers 20 is not 
increased. The motive power loss in the entire image forming apparatus can 

10 thus be reduced. 

Since the driving system for driving the developing roller 33 of the 
image forming station Y drives the brush rollers 22, rotation-induced vibrations 
of the brush rollers 22 of the image forming stations Y, M, C, and K shake the 
developing roller 33 of the image forming station Y. However, resulting 

15 deterioration in image quality is negligible because image defects produced by 
the image forming station Y (yellow) are relatively hard to recognize visually and 
hence their allowable range is wide. 

Since rotation-induced vibrations (very minute vibrations) of the brush 
rollers 22 are not directly transmitted to the developing rollers 33 of the image 

20 forming stations Y, M, C, and K, respectively, the image quality can be 
increased in each of the image forming stations Y, M, C, and K. 

Although in the above embodiment the driving motor 59 drives the 
developing roller 33 of the image forming station Y and driving force is 
transmitted from the brush roller 22 of the image forming station Y to the brush 

25 rollers 22 of the image forming stations M, C, and K via the belts 65, another 



mechanism is possible in which the driving motor 59 drives the brush roller 22 of 
the image forming station Y and the developing roller 33 of the image forming 
station Y follows the brush roller 22 of the image forming station Y. Separate 
driving systems that branch off from the driving motor 59 may be provided for 
5 the developing roller 33 of the image forming station Y and the brush rollers 22. 
Although in the above embodiment the driving force transmission between the 
brush rollers 22 is performed by a belt, it may be performed by a gear train. 

In a fourth embodiment according to the invention shown in Fig. 7, an 
image carrier driving gear 51 is connected to one end of each image carrier 20 

10 and a relay gear 52 is in mesh with the adjacent driving gears 51. A driving 
motor 53 is disposed in close proximity to the image carrier 20 of the image 
forming station Y which is closest to the follower roller 15 (see Fig. 2) and an 
output shaft 53a of the driving motor 53 is in mesh with the driving gear 51 for 
that image carrier 20 via a speed-reducing gear 54. 

15 A driving gear 55 is connected to the other end of the image carrier 20 

of the image forming station K which is closest to the driving roller 14 and a 
follower gear 56 is connected to the other end of the charging device (i.e., brush 
roller) 22 of the image forming station K. A speed-increasing gear 57 is in 
mesh with the driving gear 55 and the follower gear 56 of the image forming 

20 station K. The speed-increasing gear 57 is a two-stage gear having a 
small-diameter portion 57a and a large-diameter portion 57b that are in mesh 
with the driving gear 55 and the follower gear 56, respectively. Timing belts 59 
are stretched between gears 56 of the respective brush rollers 22. 

In the above mechanism, the single driving motor 53 sequentially 

25 drives the image carriers 20 of the image forming stations Y, M, C, and K via the 
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speed-reducing gear 54, the image carrier driving gears 51, and the relay gears 
52 that are arranged in line. Further, the gear train for performing 
speed-increasing driving on the brush roller 22 of the image forming station K 
(black) is provided on the side opposite, in the axial direction, to the gear train 
5 for driving the image carrier 20 of the image forming station K, and the brush 
rollers 22 of the image forming stations C, M and, Y are driven by transmitting 
the driving force of the brush roller 22 of the image forming station K thereto by 
the timing belts 59. 

Fig. 8 shows a result of a calculation as to the extent to which the 

10 driving loads of the respective brush rollers 22 influence the image carrier 20 of 
the image forming station K. When the numbers of teeth of the driving gear 55, 
the speed-increasing gear 57, and the follower gear 56 for the image carrier 20 
of the image forming station K are set as shown in Fig. 8 and the rotation speed 
of the image carrier 20 is set to 99.10 rpm, the driving torque of the image 

15 carrier 20 of the image forming station K that is necessary to drive the brush 
rollers 22 amounts to 0.0994 N m. 

Fig. 9 shows results of calculations of torque acting on the motor shaft 
in this embodiment and a comparative example 2. The comparative example 2 
is different from this embodiment shown in Fig. 7 in that the brush rollers 22 are 

20 not driven. It is seen that when the numbers of teeth of the output shaft 53a, 
the speed-decreasing gear 54, the driving gears 51 , and the relay gears 52 are 
set as shown in Fig. 9 and the rotation speed of the image carriers 20 is set to 
99.10 rpm, the torque of the motor shaft in this embodiment is more than two 
times that in the comparative example 2. As a result, the degrees of density 

25 unevenness and color misregistration in an image due to the synergistic effect of 
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a backlash in the gears of the image carrier driving system and 
contact/separation operations of the secondary transferring roller 19 and the 
cleaning blade 17a to/from the transferring belt 16 can be reduced. In this 
embodiment, the driving torque can be increased for all the image carriers 20 
and hence the degrees of density unevenness and color misregistration can be 
reduced for all the colors. 

In this embodiment, the image carrier 20 and the brush roller 22 of 
each pair are rotated at different circumferential speeds and the frictional force 
and the electrostatic attraction force of the brush roller 22 on the image carrier 
20 are exerted in such directions as to cancel out a backlash in the gears 
constituting the image carrier driving system. Therefore, density unevenness 
and color misregistration in an image can be eliminated more effectively. 

Further, since the image carrier 20 and the brush roller 22 of each pair 
are rotated in the same direction, the frictional force and the electrostatic 
attraction force of the brush roller 22 on the image carrier 20 are exerted more 
effectively in such directions as to cancel out a backlash in the gears constituting 
the image carrier driving system. 

In particular, in this embodiment, the image carriers 20 of the image 
forming stations Y, M, C, and K are not separated from the intermediate 
transferring belt 16 during a monochrome printing operation, whereby the 
apparatus is reduced in size and simplified in configuration. Therefore, during 
a monochrome printing operation, to prevent wear of the image carrier layers of 
the image carriers 20 of the image forming stations Y, M, and C due to their 
sliding contact with the transferring belt 16, it is necessary to also rotate those 
image carriers 20. This causes no problems in this embodiment. 
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Further, during a monochrome printing operation that occurs at a high 
frequency, the brush rollers 22 that are in contact with the image carriers 20 of 
the image forming stations Y, M, and C are also rotated. This prevents a 
phenomenon that the brush would be deformed (inclined) at the portion of each 
5 brush roller 22 that is in contact with the image carrier 20 if the brush roller 22 
were stopped. No mechanisms for separating the brush rollers 22 from the 
respective image carriers 20 are needed. 

In a fifth embodiment of the invention shown in Fig. 10, the driving 
motor 53 sequentially drives the image carriers 20 of the image forming stations 

10 Y, M, C, and K gears 54, 51, and 52. Further, gears 55, 57, and 56 for 
performing speed-increasing driving on the brush rollers 22 of the image forming 
stations Y, M, C, and K are provided on the side opposite, in the axial direction, 
to the above gears 54, 51 , and 52 for the image forming stations Y, M, C, K. 
Reference numeral 59 denotes belts. 

15 In this embodiment, the brush roller 22 of the image forming station Y 

(yellow) is driven by the driving force of the image carrier 20 of the image 
forming station Y and the same driving force is used to drive the brush rollers 22 
of the other image forming stations M, C, and K. Therefore, rotation-induced 
vibrations (very small vibrations) of the brush rollers 22 of the image forming 

20 stations M, C, and K are not directly transmitted to the image carriers 20 of the 
image forming stations M, C, and K, respectively, and hence the image quality 
can be increased in each of the image forming stations M, C, and K. 

On the other hand, rotation-induced vibrations of the brush rollers 22 of 
the image forming stations M, C, and K shake the image carrier 20 of the image 

25 forming station Y. However, image quality deterioration of the entire image is 
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low because resulting yellow image defects are relatively hard to recognize 
visually and hence their allowable range is wide. 

In a sixth embodiment of the invention shown in Fig. 1 1 , the developing 
roller 33 of the image forming station K (black) is driven independently by a 
driving motor 60 that is different from the driving motor 53 (not shown; described 
in the first embodiment with reference to Fig. 3) for the image carriers 20. 
Driving force is transmitted from the developing roller 33 for black to the brush 
rollers 22 via timing belts 65. The driving system for the image carriers 20 is 
not shown in Fig. 1 1 because it is the same as shown in Fig. 3. 

A driving gear 61 is connected to one end of the developing roller 33 of 
the image forming station K (black) and a driving pulley 62 is connected to the 
other end. The driving gear 61 is in mesh with an output shaft 60a of the 
driving motor 60 via a speed-reducing gear 63. 

Follower pulleys 64 are connected to the other ends of the charging 
device (brush rollers) 22, respectively. A timing belt 65 is stretched between 
the driving pulley 62 and the follower pulley 64 of the brush roller 22 of the 
image forming station K, and timing belts 65 are stretched between the brush 
rollers 22 of the image forming stations K, C, M, and Y. 

In this mechanism, the image carriers 20 of the image forming stations 
Y, M, C, and K are driven sequentially via the gear train. The developing roller 
33 of the image forming station K is driven by the other driving motor 60, and the 
brush rollers 22 are driven by that developing roller 33. In this embodiment, the 
driving pulley 62 and the follower pulleys 64 are speed-increasing pulleys. 

To reduce the size of the image forming stations, it is necessary to 
make the outer diameters of the developing rollers 33 and the brush rollers 22 
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smaller than the outer diameter of the image carriers 20. For example, the 
outer diameters of the developing rollers 33 and the brush rollers 22 are set to 
similar values of 12 to 18 mm (in this embodiment, 14 mm) for the image 
carriers 20 whose outer diameter is 30 mm, so that the developing rollers 33 and 
the brush rollers 22 are driven at circumferential speeds that are relatively close 
to the circumferential speed of the image carriers 20 (brush rollers 22: two to 
three times the circumferential speed of the image carriers 2; developing rollers 
33: 1.5 to 2.5 times that). 

In this embodiment, the driving torque of each brush roller 22 (0.005 to 
0.01 Nm) is much smaller than that of each developing roller 33 (0.3 to 0.7 Nm) 
and hence increase in the load of the motor 60 for driving the developing rollers 
33 is small, and the load of the motor 53 for driving the image carriers 20 is not 
increased. The motive power loss in the entire image forming apparatus can 
thus be reduced. 

Also in this embodiment, the brush rollers 22 can be driven without 
providing a motor that is dedicated to the driving of the brush rollers 22. In a 
monochrome printing operation, the brush rollers 22 of the image forming 
stations C, M, Y having color toners can be driven by driving the developing 
roller 33 of the image forming station K (black) in link with driving of the image 
carrier 20 of the image forming station K. This facilitates the rotation on/off 
control. In a monochrome image forming operation, the brush rollers 22 of the 
image forming stations C, M, Y having color toners are rotated together with the 
image carrier 20 of the image forming station K (black), and hence a 
phenomenon that the portion of each brush roller 22 that is in contact with the 
image carrier 20 would otherwise be worn locally can be prevented. 
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This embodiment is free of a phenomenon that rotation-induced 
vibrations (very minute vibrations) of the brush rollers are directly transmitted to 
the respective image carriers via the gear trains for driving of the brush rollers, 
which occurs in the case that the brush rollers are driven by the respective 
5 image carriers in the respective image forming stations (e.g., Japanese Patent 
Publication No. 2000-29278A). Therefore, irregular, minute density 
unevenness or color misregistration does not occur and hence the image quality 
can be increased. 

Although in the above embodiment the driving motor 60 drives the 

10 developing roller 33 of the image forming station K and the brush rollers 22 
follow that developing roller 33, an opposite mechanism is possible in which the 
driving motor 60 drives the brush roller 22 of the image forming station K and the 
developing rollers 33 follow that brush roller 22. Although in the above 
embodiment the driving force transmission between the brush rollers 22 and 

15 between the developing roller 33 and the brush roller 22 of the image forming 
station K is performed by belts, it may be performed by gear trains. 

In a seventh embodiment of the invention shown in Fig. 12, the entire 
transferring belt 16 is pivotable about the driving roller 14. In a monochrome 
image forming operation, the transferring belt 16 is moved from the position 

20 indicated by a dashed chain line to a position indicated by a solid line, whereby 
the transferring belt 16 is in contact with the image carrier 20 of the image 
forming station K for monochrome image formation and is separated from the 
image carriers 20 of image forming stations C, M, and Y that are not in operation, 
so that the rotation of the image carriers 20 of the image forming stations C, M, 

25 and Y is stopped. 
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As shown in Fig. 13, driving gears 51 are connected to one ends of the 
image carriers 20 of the image forming stations Y, M, and C having color toners 
and a relay gear 52 is in mesh with adjoining ones of the driving gears 51 . A 
first driving motor 53 is disposed in close proximity to the image carrier 20 of the 
5 image forming station Y that is closest to the follower roller 15, and an output 
shaft 53a of the first driving motor 53 is in mesh with the driving gear 51 for that 
image carrier 20 via a speed-reducing gear 54. 

A driving gear 55 is connected to the other end of each image carrier 
20 and a follower gear 56 is connected to the other end of each charging device 

10 (i.e., brush roller) 22. A speed-increasing gear 57 is in mesh with the driving 
gear 55 and the follower gear 56. The speed-increasing gear 57 is a two-stage 
gear having a small-diameter portion 57a and a large-diameter portion 57b that 
are in mesh with the driving gear 55 and the follower gear 56, respectively. 
With this mechanism, the image carriers 20 of Y, M, and C are sequentially 

15 driven by the first driving motor 53 via the gear train and each small-diameter 
brush roller 22 is driven by the associated image carrier 20 via the 
speed-increasing gear train. 

On the other hand, an image carrier driving gear 51 is connected to 
one end of the image carrier 20 of the image forming station K for monochrome 

20 image formation. An output shaft 53a' of a separate, second driving motor 53' 
is in mesh with the driving gear 51 via a speed-reducing gear 54\ A driving 
gear 55 is connected to the other end of the image carrier 20 for monochrome 
image formation, and a follower gear 56 is connected to the other end of the 
brush roller 22 of the image forming station K. A speed-increasing gear 57 is in 

25 mesh with the driving gear 55 and the follower gear 56. 
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In the above mechanism, the image carriers 20 of the image forming 
stations Y, M, and C having color toners are sequentially driven by the first 
driving motor 53 via the speed-reducing gear 54, the image carrier driving gears 
51, and the relay gears 52 that are arranged in line. And the driving force of 
5 each image carrier 20 is transmitted to the associated brush roller 22 via the 
speed-increasing gear 57. Independently of the above driving, the image 
carrier 20 of the image forming station K for monochrome image formation is 
driven by the second driving motor 53' via the speed-reducing gear 54' and the 
image carrier driving gear 51 and the driving force of that image carrier is 

10 transmitted to the associated brush roller 22 via the speed-increasing gear 57. 

Therefore, the brush rollers 22 can be driven selectively without 
providing a motor that is dedicated to the driving of the brush rollers 22. The 
driving of the brush rollers 22 of the image forming stations Y, M, and C having 
color toners can be stopped in link of a stop of the driving of their image carriers 

15 20. In a monochrome printing operation, the brush rollers 22 of the image 
forming stations Y, M, and C having color toners are stopped together with their 
image carriers 20, which prevents wear of those image carriers 20 and brush 
rollers 22. 

In an eighth embodiment of the invention shown in Fig. 14, the 
20 developing rollers 33 of the image forming stations Y, M, and C having color 
toners and the developing roller 33 of the image forming station K for 
monochrome image formation are driven independently by respective driving 
motors 160 and 160' that are different from the driving motors 53 and 53' (not 
shown) for the image carriers 20 that have been described in the seventh 
25 embodiment with reference to Fig. 13. Driving force is transmitted from each 
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developing roller 33 to the associated brush roller 22 via a timing belt 66. The 
driving system for the image carriers 20 is not shown in Fig. 14 because it is the 
same as shown in Fig. 13. 

Driving gears 61 are connected to one ends of the developing rollers 
5 33 of the image forming stations Y, M, and C having color toners, and driving 
pulleys 62 are connected to the other ends. The driving gear 61 of the image 
forming station Y is in mesh with an output shaft 160a of the first driving motor 
160 via a speed-reducing gear 63. A small-diameter transmission pulley 63a is 
integral with the speed-reducing gear 63, and timing belts 64 are stretched 

10 between transmission pulleys 63a. Follower pulleys 65 are connected to the 
other ends of the charging device (brush rollers) 22, and timing belts 66 are 
stretched between the driving pulleys 62 and the follower pulleys 65. 

On the other hand, a driving gear 61 is connected to one end of the 
developing roller 33 of the image forming station K for monochrome image 

15 formation and a driving pulley 62 is connected to the other end. The driving 
gear 61 of the image forming station K is in mesh with an output shaft 160a' of 
the second driving motor 160* via a speed-reducing gear 63. A follower pulley 
65 is connected to the other end of the charging device (brush roller) 22, and a 
timing belt is stretched between the driving pulley 62 and the follower pulley 65. 

20 In this embodiment, the driving pulley 62 and the follower pulley 65 of each pair 
constitute a speed-increasing driving system. 

To reduce the size of the image forming stations, it is necessary to 
make the outer diameters of the developing rollers 33 and the brush rollers 22 
smaller than the outer diameter of the image carriers 20. For example, the 

25 outer diameters of the developing rollers 33 and the brush rollers 22 are set to 
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similar values of 12 to 18 mm (in this embodiment, 14 mm) for the image 
carriers 20 whose outer diameter is 30 mm and the developing rollers 33, so that 
the brush rollers 22 are driven at circumferential speeds that are relatively close 
to the circumferential speed of the image carriers 20 (brush rollers 22: two to 
5 three times the circumferential speed of the image carriers 2; developing rollers 
33: 1.5 to 2.5 times that). 

In this embodiment, the driving torque of each brush roller 22 (0.005 to 
0.01 N-m) is much smaller than that of each developing roller 33 (0.3 to 0.7 N m). 
Therefore, the brush rollers 22 can be driven without providing a motor that is 

10 dedicated to the driving of the brush rollers 22. The driving of the brush rollers 
22 of the image forming stations Y, M, and C having color toners can be 
stopped in link of a stop of the driving of their image carriers 20. In a 
monochrome printing operation, the brush rollers 22 of the image forming 
stations Y, M, and C having color toners are stopped together with their image 

1 5 carriers 20, which prevents wear of those image carriers 20 and brush rollers 22. 

In this embodiment, the brush rollers 22 are driven by the driving 
system for the developing rollers 33 and hence rotation-induced vibrations (very 
minute vibrations) of the brush rollers 22 of the image forming stations M, C, and 
K are not directly transmitted to the image carriers 20 via gear trains, 

20 respectively. Therefore, irregular, minute density unevenness does not occur 
and hence the image quality can be increased. 

Although in this embodiment the driving motors 160 and 160' drive the 
developing rollers 33 and the brush rollers 22 follow the developing rollers 33, 
another mechanism is possible in which the driving motors 160 and 160' drive 

25 the brush rollers 22 and the developing rollers 33 follow the brush rollers 22. 
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Although in the above embodiment the driving force transmission between 
adjoining ones of the developing rollers 33 and between associated ones of the 
developing rollers 33 and the brush rollers 22 is performed by a belt, it may be 
performed by a gear train. 
5 A ninth embodiment of the invention shown in Fig. 15 employs a sheet 

transporting belt 59 instead of the intermediate transferring belt shown in Fig. 1. 

In this embodiment, a transferring belt unit 9 and a fusing unit 12 are 
disposed inside a first door member 3. The transferring belt unit 9 is equipped 
with a driving roller 14 that is disposed at an upper position in a housing body 2 

10 and is rotated by a driving source (not shown), a follower roller 15 and a backup 
roller 60 that are disposed diagonally below the driving roller 14, the sheet 
transporting belt 59 that is stretched by these three rollers and is driven so as to 
circulate in the direction indicated by an arrow in Fig. 15, and a cleaner 17 that is 
opposed to the backup roller 60 and brought in contact with the surface of the 

15 sheet transporting belt 59. When the sheet transporting belt 59 is being driven, 
a tensed portion 59a is located below and a slack portion is located above. 

Transfer members 61 that are leaf spring electrodes are brought, 
because of its own elasticity, in contact with the back surface of the sheet 
transporting belt 59 so as to be opposed to image carriers 20 of image forming 

20 stations Y, M, C, and K, respectively. A transfer bias is applied to the transfer 
members 61. The image carriers 20 of image forming stations Y, M, C, and K 
are in contact with the tensed portion 59a of the sheet transporting belt 59. 

Although the embodiments of the invention have been described above, 
the invention is not limited to those embodiments and various modifications are 

25 possible. And a known feature may be substituted or added if necessary. 
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For example, although in the above embodiments the image carriers 
20 are driven sequentially by the single driving motor 53 via the output gear 54, 
the image carrier driving gears 51 , and the relay gears 52 that are arranged in 
line, motors for driving the respective image carriers 20 may be provided for the 
respective image carriers 20. The same advantages as described above can 
be attained by that mechanism. 

Although in the above embodiments the driving roller 14 is disposed 
below the follower roller 15, the driving roller 14 may be disposed above the 
follower roller 15. 

It is noted that in the invention the intermediate transferring belt and the 
sheet transporting belt are generically referred to as the transferring belt. 
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